Heart rate and blood pressure responses during and after carotid sinus massage were examined in 66 patients just before coronary angiography. A significant relationship was found between heart rate and blood pressure responses and (1) angina pectoris class, (2) total coronary artery disease score and (3) presence of high-grade (> 90%) stenosis of any of the three major coronary arteries.
AN EXAGGERATED RESPONSE to carotid sinus massage in patients with coronary heart disease has been stressed by Siglerl-4 and others.5 '13 In those studies, the diagnosis of coronary heart disease was based on clinical and electrocardiographic evidence. To our knowledge, heart rate and blood pressure responses after carotid sinus massage have not been correlated with angiographically documented coronary artery disease. In this study, the incidence, magnitude and duration of response to carotid sinus massage were analyzed in relation to the presence, severity and location of angiographically demonstrated coronary artery disease and to the clinical severity of angina. Other factors, such as history of syncope, age, cardiothoracic ratio, left ventricular ejection fraction, end-diastolic pressure and regional wall motion, were examined.
Materials and Methods

Patients
The study included 66 consecutive patients in normal sinus rhythm who underwent coronary angiography for suspected coronary artery disease. Patients with a history or clinical findings consistent with cerebrovascular disease were excluded. No patient was hypertensive or in uncompensated congestive heart failure at the time of study. Prior in-formed consent was obtained. The 66 patients (51 men and 15 women) had a mean age of 54.2 years (range 18-76 years) . Cardioactive medications were discontinued for at least 48 hours before the study. Nine patients had received digoxin within 7 days of study. Although 20 of the patients had histories of syncope, no patient had symptoms suggestive of carotid sinus syncope13 or required specific therapy because of syncope.
Carotid Sinus Massage
Carotid sinus massage was performed on each patient after a catheter was positioned in the ascending aorta and before the injection of contrast medium. Intraaortic pressure and a single-lead ECG were recorded simultaneously. During normal respiration and with the patient supine, the carotid sinus region was identified and firmly massaged for 8 seconds. Carotid massage was terminated prematurely only if asystole longer than 4 seconds resulted. After massage of one sinus was completed, 30 seconds were allowed to reestablish control conditions, and then carotid massage was repeated on the opposite side. The same investigator performed carotid massage on all patients with the same intensity in order to maintain uniformity of stimulus. The carotid bulb was massaged and not just compressed. After these maneuvers were completed, the intraaortic catheter was advanced to obtain left ventricular pressures; this was followed by biplane ventriculography and coronary angiography. All patients had been premedicated with 100 mg of pentobarbital.
Angiography
Cineangiography was performed using standard techniques with multiple right anterior oblique, left Localized narrowing estimated to be greater than 50% but less than 90% of the luminal crosssectional area 3
Multiple narrowings in the same vessel estimated to be greater than 50%, but less than 90%°o f the luminal cross-sectional area 4 Narrowing or narrowings estimated to be equal or greater than 90% of the luminal crosssectional area 5
Total obstruction of a vessel withouit any filling of the distal segment from the proximal portion anterior oblique, and cranial views so that stenotic lesions could be evaluated in at least two perpendicular planes. The coronary arteries were assessed by two of the authors independently and then were jointly scored using a previously reported grading system14 (table 1) . This cumulative grading system was used because it weighted the severity of stenosis, presence of two or more significant lesions in one vessel, and absence of bridging collateral branches from the same vessel in totally occluded distal vessels. The sinoatrial (SA) node artery and the atrioventricular (AV) node artery were identified,15 and the presence of significant stenosis (greater than 50% reduction in luminal diameter) proximal to their origins or within these arteries was determined. Regional left ventricular hypokinesis was identified and graded: 1 = mild, 2 = moderate, 3 severe and 4 = akinetic or dyskinetic. The sum of the scores for the basal, anterolateral, apical and inferoposterior ventricular segments seen in the right anterior oblique view was used as a total left ventricular dynamic score. Ejection fractions were determined by computer from biplane left ventriculograms using Simpson's rule.'6 The cardiothoracic ratio was determined from a standard posteroanterior chest roentgenogram.
Before catheterization, a history of chest pain was classified using the New York Heart Association criteria for angina pectoris. Class 0 was given to patients whose chest pain was suspected to be noncardiac in origin. Responses studied included change in heart rate and in systolic and diastolic aortic pressures ( fig. 1 ). Change in heart rate (ARR) was defined as maximal change from baseline electrocardiographic RR interval during carotid sinus massage, divided by the baseline RR interval, times 100. The duration of time in seconds from the onset of carotid sinus massage to peak changes in RR interval and blood pressure was designated t max, and the time for return of heart rate and blood pressure to baseline values was designated as t duration. The frequency, magnitude and temporal relationship of heart rate and blood pressure changes after carotid sinus massage were analyzed in relation to angina class, severity, anatomic localization of coronary artery disease and left ventricular function. These variables were analyzed singly and in combination using linear regression, analysis of variance and chi-square techniques. Correlation coefficients were determined between response to carotid sinus massage and (1) right, left main, left anterior descending, left circumflex and total coronary artery score, and (2) angina pectoris class.
Results
All 66 patients had some slowing of heart rate and decrease in blood pressure (intraaortic) with carotid sinus massage. In two patients, prolongation of the RR interval after left carotid sinus massage represented induced sinus bradycardia with transient second-degree AV block ( fig. IA) . In all other patients, prolongation of the RR interval was a manifestation of sinus bradycardia or sinoatrial arrest with minimal or no increase in PR interval (fig. IB). Although occasionally individual patients were more responsive to massage of one carotid artery than of the other, the mean magnitude and temporal relationship of heart rate and blood pressure responses after right and left carotid sinus massage were not significantly different. There was no morbidity related to carotid sinus massage or subsequent angiography.
Temporal Relationship of Heart Rate and Blood Pressure Changes
The interval from onset of carotid sinus massage to longest RR interval (RR t max) averaged 4.6 seconds for the entire patient group (table 2) . Changes in heart rate consistently peaked after the first or second cardiac cycle after initiation of massage and usually began to wane even before massage was discontinued. The duration from onset of carotid sinus massage to return of heart rate to baseline (RR t duration) averaged 11.6 seconds. The average supine blood pressure depressor effect had a slower onset, peaked at about the time massage was terminating and heart rate was returning toward normal and continued approximately 12 seconds after cessation of carotid sinus massage. Blood pressure changes peaked later and lasted longer than heart rate responses (p < 0.001) and were similar for systolic and diastolic pressures. Degree of blood pressure response was not directly related to the initial resting blood pressure or the degree of heart rate response except in patients with asystole longer than 3 seconds.
Angina Pectoris Class and Response
Functional class for angina pectoris correlated with heart rate and blood pressure responses during carotid sinus massage (p < 0.05; table 3). Patients with class 4 angina had significantly greater decrease in heart rate (ARR max) and blood pressure than did patients with class 0 (p < 0.01), class 2 (p < 0.01) or class 3 (p < 0.05); patients with angina class 1 were excluded (5) (6) (7) (8) (9) or high (10-15) total coronary artery scores had greater changes (exaggerated response) in RR max and in aortic pressure than did patients with normal coronary arteries (p < 0.02; table 3) .
When response to carotid sinus massage in patients with one or more high-grade (. 90%) vessel stenoses was examined (table 4), we found that patients with such lesions had significantly (p < 0.01) greater cardioinhibitory response than did those with normal coronary arteries. Significant (. 50%) and high-grade stenosis (> 90%) in the 15 patients with single-vessel disease correlated significantly with increased responsiveness to carotid sinus massage. The specific vessel diseased or the proximal or distal locations of these high-grade obstructions did not appear to influence significantly the occurrence of an exaggerated. response.
Significant obstruction (. 50%) was identified proximal to the origin of the AV node artery in 32 of 58 patients with right dominant coronary systems, two of seven patients with left dominant coronary systems, and one patient with a balanced system. Changes in RR interval (p < 0.01) and blood pressure (p < 0.01) were significantly greater in patients with obstruction Abbreviations: t max = time interval between onset of carotid sinus massage and peak changes in RR initerval or blood pressure; t duration = time initerval between onset of carotid sinus massage and return to baseline RlRl interval or blood pressure; ARRt L = maximal change in HRL interval after left carotid sinus massage; ARIt1 = maximal change in RR interval after right carotid sinus massage; ARR max = maximal change in ttR interval regardless of side of carotid sinus massage (eqtuals ARI' L or ARRB R, whichever was greater in each patient); AS /) L = maximal change in systolic or diastolic blood pressure after left carotid sinius massage; AS/D I' = maximal change in systolic or diastolic blood pressure after right carotid sinus massage;
AS/ID max = maximal change in systolic or diastolic blood pressuire regardless of side of carotid sintus massage (equals AS/D L or AS/DI R, whichever was greater in each patient).
proximal to the AV node artery (table 5). No patient had significant stenosis distal to the AV node artery without having disease in the more proximal segment. Significant stenosis proximal to the SA node artery was identified in 11 patients. The artery arose from the right coronary artery in six patients and from the left circumflex artery in five patients. Obstruction proximal to the SA node artery was not associated with increased responsiveness to carotid sinus massage.
Within any angina class or coronary score group of patients, there was a moderate range of responses to carotid sinus massage. These individual differences could not be correlated with other variables such as age, baseline heart rate, cardiothoracic ratio, left ventricular end-diastolic pressure, ejection fraction, left ventricular dynamic score, or incidence and location of previous myocardial infarction.
Left Ventricular Contraction and Response to Carotid Sinus Massage
Contraction abnormalities of the inferoposterior, basal, apical and anterolateral segments of the left ventricle were correlated with the magnitude of cardioinhibitory response to carotid sinus massage (table  6) . Among patients with normal left ventricular angiograms, those with more than 50% stenosis of one or more vessels had significantly (p < 0.01) greater responses than those with no or minimal coronary artery disease. With the exception of anterolateral contraction abnormalities, the presence or absence of regional ventricular contraction abnormalities was unrelated to the magnitude of cardioinhibitory responses. Among patients with coronary artery disease, only those with segmental contraction defects in the anterolateral region had significantly (p < 0.01) greater responses than those with normal left ventriculograms. The presence or absence of contraction abnormalities in the segments corresponding to each coronary artery stenosis did not influence the response to carotid massage.
Llypersensitive Population
Of the 66 patients, 21 (32%) had asystole lasting longer than 3 seconds during carotid sinus massage, and these patients were labeled "hypersensitive." None of the 1 1 patients with absence of significant coronary artery disease was hypersensitive to carotid sinus massage; therefore, 21 of 55 (38%) with coronary artery disease were hypersensitive. Nine had a hypersensitive response to right carotid sinus massage only, six to left-sided massage only, and six to both sides. Compared with the nonhypersensitive group, the hypersensitive group had higher total coronary artery scores (p < 0.05, chi-square test) and angina pectoris classes. All hypersensitive patients had highgrade (> 90%) stenosis proximal to the AV node artery or had high (5) (6) (7) (8) (9) (10) total coronary artery scores. The incidence of class 4 angina and stenosis proximal to the origin of the AV node artery was greater among the hypersensitive patients (p < 0.001 and < 0.01, respectively; table 7). Stenosis proximal to the SA node artery and regional left ventricular dysfunction were not associated with the hypersensitive response. Previous syncope was similar in the hypersensitive (33%) and the nonhypersensitive (29%) groups.
Asystole With Coronary Artery
Contrast Medium Injections
Of the 66 patients, eight (12%) had an asystolic episode exceeding 3 seconds immediately after the injection of contrast medium into a coronary artery. There was no relationship between the asystole after selective coronary artery injection and the artery injected, artery disease or nature of the preceding response to carotid sinus massage. Discussion
Reed and Scott17 and Sloan'8 noted a hyperactive carotid sinus reflex in cyanotic and hypoxic dogs; Horlick and Surtshin`9 reported enhanced sensitivity of the AV node to acetylcholine in anemic dogs. Sigler' 4, 20, 21 and others' 9 have described the clinical association of ischemic heart disease and an exaggerated response to carotid sinus pressure. Our findings also demonstrate a relationship between coronary artery disease and response to carotid sinus massage. In addition, the magnitude of heart rate and blood pressure response appears to be influenced by the severity of coronary artery diseasespecifically, total coronary artery stenosis score and angina functional class.
Pathogenesis
Despite evidence that an association between coronary artery disease and carotid sinus responsiveness exists, the mechanism for such a relationship remains 701 obscure. Abnormalities of all portions of the reflex pathway have been advocated as a source for the exaggerated response: the afferent limb, including local sclerotic changes in the carotid bulb;22-24 the central nervous system, including the vasomotor center;25 and the efferent limb,7' 26 consisting of the preganglionic fibers, parasympathetic ganglia and postganglionic fibers that supply the sinus node and other cardiac end organs.
We found no association between stenosis proximal to the origin of the SA node artery and enhanced responsiveness of the carotid sinus reflex, although significant stenosis proximal to the origin of the AV node artery was associated with an enhanced response. James27 29 and others30 have described a collection of nerve endings located between the AV node and the coronary sinus, in the distribution of the AV node artery, which may have afferent vagal receptor function. Activation or sensitization of such receptors by chronic or acute ischemia, mechanical distortion or other mechanisms may influence the carotid sinus reflex centrally through vagal afferents to the vasomotor center. This central mechanism may explain the frequent association of nausea, vomiting, bradycardia, and AV nodal block in patients with acute infarction related to right coronary artery occlusion." 27, 3 Other studies32 have suggested that nonmedullated vagal afferent fibers are distributed throughout the left ventricle and that, in the presence of stimulation by occlusion of any of the three coronary arteries, increased vagal afferent and efferent activity may occur. Electrical stimulation of these nonmedullated vagal afferents in animals causes bradycardia, vasodilation, and activation of the vomiting center. 33 34 In our study, the presence of high-grade (> 90%) stenosis of the left anterior descending and left circumflex arteries was associated with increased cardioinhibitory and depressor responses to carotid sinus massage and did not statistically differ from the responses in patients with similar right coronary artery lesions. These relationships also were obtained in patients with onevessel high-grade lesions, suggesting the presence of receptors in regions other than the low right atrium 27, 29, How coronary artery disease might activate ventricular receptors or alter their phasic and tonic afferent traffic remains unclear. There was no direct or indirect evidence of acute myocardial ischemia in our patients during carotid sinus massage. Chronic, subclinical ischemia, reported to occur in the resting state when associated with coronary artery stenosis of greater than 90%,35 may be a factor in altering chemoreceptor function. Mechanical stimulation due to abnormal regional myocardial contraction, also suggested as being an activator of cardiac vagal length-sensor receptors,32 appears to have had minimal independent effect on the magnitude of heart rate and blood pressure decline in our patients. A possible exception was that of anterolateral segmental hypokinesis, which was associated with an increase in responsiveness to carotid sinus massage (p < 0.01). Identification of response differences related to in-dividual diseased coronary vessels or to specific regional contraction abnormalities is limited because many patients in this study had multiple-vessel disease and several myocardial segments with contraction abnormalities. However, the 15 patients with significant single-vessel stenosis had similar responses regardless of the site of stenosis.
The increased cardioinhibitory response to carotid sinus massage in patients with coronary disease contrasts with the findings of Eckberg et al.,36 who noted that patients with heart disease have an abnormally decreased baroreceptor reflex as determined by phenylephrine-induced blood pressure elevation. However, only nine of the 23 patients in their study had coronary artery disease, and the anatomic degree of disease was not documented. The mechanical stimulation of carotid sinus massage may not be comparable to phenylephrine-induced blood pressure elevations.
Patients with a similar degree of coronary artery disease, as reflected by angina class or coronary artery stenosis score, demonstrated a moderate range of responses to carotid sinus massage. An attempt was made to maintain uniformity of massage technique, and many patients underwent carotid massage several times with similar results. We found no correlation between response to massage and left ventricular function or patient age. Additional variables, such as effective collateral circulation and differences in sympathetic tone, could not be assessed. The previously described association of advancing age with increased responsiveness`, & '7 may reflect the increasing incidence of coronary artery disease. Because of the highly selected patient population, our observations should not be construed as support for using carotid sinus massage as an independent indicator of significant coronary artery disease.
Temporal Relationships
Our findings, consistent with observations of Sigler2 and Linenthal,38 demonstrate that the cardioinhibitory heart rate response is maximal after the first or second beat after carotid massage and that the normal SA impulse formation usually returns toward the baseline rate even before massage is terminated, while the blood pressure depressor response usually peaks several seconds later and persists for approximately 10 seconds after the heart rate returns to baseline. The timing of these responses is consistent with the direct vagal stimulation and associated acetylcholine release and the rapid inactivation by acetylcholine esterase. The delayed blood pressure responses are attributed to indirect withdrawal of peripheral sympathetic vascular tone, as described by Thames and Kontos39 and others.40' 1 The absence of significant PR interval prolongation in most of our patients can be attributed to the increasing sinus cycle, which conceals the vagal influences of AV nodal conduction by providing increased time for recovery.42 The magnitude of heart rate change is not directly related to the blood pressure responses. The presence of coronary artery disease does not appear to alter this temporal 702 CI RCULATION CAROTID SINUS REFLEX/Brown et al.
relationship but does augment the magnitude of response.
Syncope and Hypersensitivity
Peretz et al. 43 suggested that asystole of 3 seconds or more after carotid sinus massage supports the diagnosis of carotid sinus syncope13 in patients presenting with cardiogenic syncope of undetermined cause. We suggest caution in using the response to carotid sinus massage as a diagnostic test for determining the need for permanent pacemaker therapy because of the frequency of syncope, significant coronary artery disease and the presence of a hypersensitive response to carotid sinus massage in middle-aged and elderly subjects. Thirty-two percent of our total patient group and 38% of those with significant coronary artery disease have a hypersensitive (asystole > 3 seconds) response. The history of syncope in the distant past or within the last year was the same in our hypersensitive group and nonhypersensitive group.
